Abstract
Introduction
The quality of water is of vital importance to mankind since it is directly linked with human health. The quality of groundwater is equally important to its quantity due to the suitability of water for various purposes ranging from
Location of the Study Area
Ibadan lies approximately within the square of longitudes 3˚35'E and 4˚10'E and latitude 7˚20'N and 7˚40'N. The study area, Aba Eku located within Ibadan metropolis and located on longitude 3˚59'009''E and 3˚59'973''E and latitude 7˚19'270''N and 7˚19'843''N. The dumpsite is bothered by residential buildings. The study area falls within the humid and subhumid tropical climate of southwestern Nigeria with a mean annual rainfall of about 1230 mm and mean maximum temperature of 32˚C. Relief in Ibadan is gently undulating and ranges between 200 -234 m (above mean sea level). Aba-Eku landfill is one of the four designated open dumpsites managed and maintained by Oyo State Waste Management Authority. It was opened in 1998 and is still active till date. It is located along Ijebu Igbo road covering an area of approximately 10 hecatares.
Geologically, the study area lies within the basement complex rock (Figure 1 ) characterized by crystalline rocks of Precambrian age with the main rock types comprising quartzites, banded gneiss, augen gneisses and migmatites while the minor ones include pegmatitic intrusion, quartz veins and dolerite dykes [12] .
Materials and Methods
Ten groundwater samples were collected during March and August 2013 at ten different locations from handdug wells around the dumpsite (Figure 2) . The distance of the hand-dug wells to the landfill, depth of the well and depth to static water level for both seasons were shown in Table 1 . The samples were collected in precleaned and sterilized 2 L polyethylene bottles. Parameters such as pH, TDS and EC were determined on sites with the aid of multipurpose conductivity meter. SO − amount was determined using turbidimetric method. The absorption mode of Atomic Absorption Spectrophotometric (AAS) method was used for the determination of Ca 2+ and Mg 2+ concentrations while total hardness (TH) was determined by Ethy- Figure 1 . Generalized geological map of Ibadan (after [13] ).
lene Diamine Tetra Acetic Acid (EDTA) titration method using Eriochrome black-T as an indicator. The analytical data can be used for the classification of water for various purposes and their percentage compliance with the World Health Organization (WHO) as well as Nigerian Standard for Driking Water Quality (NSDWQ).
Results and Discussion
Maximum and minimum concentrations of major ions present in the water samples and their percentage compliance with WHO and NSDWQ limits for both dry and wet seasons are as shown in Table 2, while Table 3 shows the comparison between values of each parameter during dry and wet seasons sampling periods.
The pH values of groundwater range from 6.69 to 7.59 and 6.51 to 7.06 during dry and wet seasons respectively. The pH values during both seasons fall within the WHO and NSDWQ permissible range of 6.5 -8.5. Fifty percentage of analyzed samples have pH values below 7.0 during dry season while this increase to 80% during wet season. This indicates that there is more dissolution of pollutants during the rainy season. The total Hardness (TH) values during dry and wet seasons ranged from 08 to 288 mg/L and from 132 to 446 mg/L respectively. Based on [14] classification, 40% of samples fall under the "soft" class, 50% under "moderate" class 
It was observed that higher values of concentrations of most parameters were noticed in well 5 during both seasons. This may be attributed to close proximity of well 5 to Aba Eku dumpsite (20 m distance to the landfill).
The degree of a linear association between any two analyzed parameters measured by Pearson's Correlation coefficient for both dry and wet seasons are presented in Table 5 and Table 6 respectively. There is a strong association between EC and TDS, Cl − , TH and Na + during both sampling periods. This confirmed the fact that EC depends largely on the quality of the dissolved salts present in the sample.
Hydrochemical Analyses
Hydrochemical concept can help to elucidate the mechanism of flow and transport in groundwater systems [18] . The geochemical evolution of groundwater can be understood by plotting the concentration of major cations and anions in the [19] . The classification for cation and anions in terms of major ion percentage and water type is according to the domain in which they occur in the diagram segment [20] . (Figure 3) . The freshwater status of analyzed water samples in both seasons is due to the geology of basement complex rock while dominance of weak acid types in the groundwater suggests carbonate mineral dissolution in the groundwater.
Suitability of Groundwater for Irrigation Purpose
Good quality irrigation water is essential for proper growth of crop plants. Groundwater suitability for irrigation purpose in this study was assessed using various irrigation parameters. The irrigation parameters are Sodium Adsorption Ratio (SAR), Percentage Sodium (%Na), Residual Sodium BiCarbonate (RSBC), Magnessium Ratio (MAR), Kelly's Ratio (KR) and Permeability Index (PI). The results of these irrigation parameters in both seasons are presented in Table 7 and Table 8 . Wilcox (1948) classified groundwater for irrigation purposes based on %Na and Electrical conductivity. The sodium in irrigation water in usually denoted as %Na and can be determined using the formula:
Na 100 %Na Ca Mg Na K
where the quantities are expressed in Meq/L. The classification of analyzed water samples is shown in Table 9 based on %Na values. Salinity: Electrical conductivity (EC) is a measure of the amount of dissolved salts present in groundwater samples. EC is a good measure of salinity hazard to crops as it reflects the TDS in groundwater [1] . Based on EC values, 70% fall under "Excellent" class for irrigation purpose while 30% fall under "Good" class during dry season. In wet season, the classification of water samples with respect to EC values shows 50% in "Excellent" class while the remaining 50% belong to "Good" class for irrigation purpose. Excess salinity reduces the osmotic activity of plants and this interferes with the absorption of water and nutrients from the soil [21] . The classification of water samples with respect to EC values are shown in Table 10 . Sodium adsorption ratio (SAR): This is a better measurement of sodium hazard present in water. SAR gives an idea about the adsorption of Na + in water by soil. It is an important parameter that is used to evaluate the suitablity of water for irrigation purpose because it is a measure of sodium hazard to crops. SAR is defined by [22] as: 
where the concentrations are in Meq/L. High value of SAR means that sodium in water may replace Ca 2+ and Mg 2+ ions in the soil thereby causing potential damage to the soil structure and affect availability of water to crop [23] . Based on classification by [24] , all the analyzed groundwater samples have SAR values less than 10 during dry and wet seasons and are thus classified as "Excellent" for irrigation. This is shown in Table 11 .
Permeability Index (PI): The PI values also indicate the suitability of groundwater for irrigation purpose. The influencing constituents for PI values are total dissolved solid, Sodium bicarbonate and the soil type. It is defined as follows [25] :
Na HCO 100 PI Ca Mg Na
where the concentrations are in Meq/L. From Table 8 and Table 9 , the PI values for both seasons fall under "Excellent" class for irrigation purpose. The classification of water samples with respect to PI value is shown in Table 12 .
Soluble sodium percentage (SSP): This is an important factor for studying sodium hazards. Sodium has the potential of reacting with soil thereby reducing its permeability and supports little or no plant growth [23] . It is defined [26] as:
Na K 100 SSP Na K Ca Mg
where the concentrations are in meq/L. Based on SSP values, 70% of analyzed water samples belong to "Excellent" class while 30% belong to "Good to Permissible" class during dry season. In wet season, 90% of analyzed water samples fall under "Excellent" class while only 10% falls under "Good to Permissible" class ( Table 13) . High SSP values may mean stunted plant growth and reduce soil permeability [23] .
Residual Sodium BiCarbonate (RSBC): The concentration of bicarbonate and carbonate in water influences the suitability of water for irrigation purpose. Land irrigated with high RSBC water becomes infertile due to deposition of sodium carbonate [27] . RSBC is calculated [28] as:
where ions are expressed in Meq/L. During dry season, 80% of water samples fall under "Fair" category while 20% falls under "Good" category. During wet season, the percentage of groundwater samples under "Fair" class has increased to 90% while the remaining 10% falls under "Good" category for irrigation purpose. The classification of groundwater based on RSBC value is shown in Table 14. Kelly's Ratio: Kelly's ratio is calculated by the numerical formula [29] :
( )
Na KR Ca Mg
KR values of 1 or <1 is an indication of good quality water for irrigation purpose while KR of >1 is unsuitable for agricultural purpose due to alkali hazard [25] . Based on this classification, the KR values of groundwater samples in dry season shows that 60% belong to "Good" class while 40% belong to "Unsuitable" class for irrigation purpose. During Wet season, 90% of analyzed groundwater samples belong to "Good" class while only 10% belongs to "Unsuitable" class for irrigation use (Table 15) .
Total Dissolved Solids (TDS):
The TDS concentrations in the groundwater surrounding Aba-Eku dumpsite during dry season range from 74 to 392 mg/L and 100 to 268 mg/L during wet season. Based on classification of irrigation water with respect to TDS [30] , all the analyzed groundwater samples belongs to "best quality water" status for irrigation purpose as their TDS values lie below 1000 mg/L.
Conclusion
The major ions in groundwater samples were found to be within the permissible limits of WHO and NSDWQ, thus suitable for domestic purpose. However, water from location 5 showed higher values of concentration of most parameters than other locations due to its nearness to the landfill. Generally, the groundwater quality of the study area in both seasons based on the interpretation of hydrochemical analyses is hard, fresh and alkaline in nature. The dominant groundwater type in both seasons was CaHCO 3 SO − ). There is a strong association between EC and TDS, Cl − , TH and Na + during both seasons. The suitability of groundwater for irrigation purpose based on calculated irrigation parameters showed that sizeable number of the groundwater samples will neither cause salinity hazards nor have adverse effects on the soil properties and thus suitable for irrigation needs.
